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Fig. 1 
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Fig. 3A Fig. 3B 
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Fig.5A Fig.5B 

  



Patent Application Publication Sep. 15, 2005 Sheet 4 of 7 US 2005/0199999 A1 

Fig. 7A Fig. 7B 
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Fig.9A Fig.9B 
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Fig.11 
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SEMCONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

0001) 1) Technical field of the Invention 
0002 The present invention relates to a semiconductor 
device, and in particular, relates to the power Semiconductor 
device which can detect Solder cracks running in a Solder 
bonding layer, thereby to predict fatal damage thereof. 
0003), 2) Description of Related Arts 
0004. In general, the power semiconductor device (or the 
power module) is used to Supply controlled large current for 
electrical equipments Such as a motor and heater. Thus, 
failure or damage of the power Semiconductor device inhib 
its Supplying the controlled current So that the electrical 
equipment incorporating the power Semiconductor device 
cannot serve the predetermined functions, possibly leading 
a fatal problem thereof. Therefore, the power semiconductor 
device is required to have a fairly high level of reliability. 
0005. However, it is almost impossible to manufacture 
the power Semiconductor device which would have no 
failure forever, no matter how advanced manufacturing 
technique is used. Rather, in reality, during long-term opera 
tions, most of power Semiconductor devices may have a 
problem caused by thermal StreSS due to Joule heat gener 
ated from itself, and by mechanical StreSS due to oscillation 
traveling from the electrical equipments incorporating 
thereof. In particular, a solder crack may run and gradually 
extend in the bonding layer Such as a Solder layer used for 
assembling the power Semiconductor device. The Solder 
crack prevents radiation of heat generated from a power 
Semiconductor chip, thereby causing the chip to be over 
heated and completely damaged. Thus, the power Semicon 
ductor device has to be replaced with a new one before the 
Solder crack extends acroSS the Solder layer and the Semi 
conductor chip is fatally damaged. There have been pro 
posed Several approaches to detect the Solder crack before 
the power Semiconductor device is actually damaged. 
0006 For example, JPA 7-14948 discloses a power semi 
conductor module using a thermocouple provided at desired 
position to keep monitoring the temperature of the bonding 
member during operation. Also, it discloses that while the 
crack running in the bonding interface increases the thermal 
resistance thereof, the extension of the crack is determined 
by Sensing the degree of the increased temperature of the 
Semiconductor element. 

0007. The solder crack runs at the bonding interface of 
the Solder layer due to difference of linear expansion coef 
ficients between the insulating Substrate and the Semicon 
ductor chip and/or between the insulating Substrate and the 
heat Sink. Thus, the heat cycle causes more StreSS to the 
Solder layer at the peripheral edge than at the central portion 
thereof. Thus, the Solder crack at the bonding interface, in 
general, extends from the peripheral edge and towards the 
central portion of the Solder layer. AS above, the thermal 
resistance of the Solder layer is increased at a particular area 
where the Solder crack extends. Therefore, in order to 
precisely detect that the Solder crack begins to run in the 
Solder layer, it is necessary to use a thermal Sensor arranged 
adjacent the peripheral edge of the Solder layer where the 
Solder crack is more likely developed. It cannot always be 
expected that the thermal change due to the crack is detected 
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by the thermal Sensor arranged at the desired position as 
described in the aforementioned publication. 
0008 Meantime, the U.S. Pat. No. 5,736,769 discloses a 
Semiconductor device including an insulated gate bipolar 
transistor (IGBT) having a p-n diode with the forward 
Voltage characteristics depending on temperature where 
increased temperature raises the forward-Voltage thereof. 
Also, it discloses a plurality of the p-n diodes connected in 
Series for achieving high accuracy of measurement of tem 
perature So that the insulated gate bipolar transistor is 
prevented from being overheated. However, it fails to even 
Suggest the positions of the p-n diodes and the Solder crack. 
Thus, according to the 769 patent, the increased tempera 
ture of the Solder layer due to the Solder crack at the local 
area can hardly be detected. 
0009. Also, according to the U.S. Pat. Nos. 6,756,964 and 
6,721,313, a Semiconductor module including a single tem 
perature Sensor on the insulating plate and close to the 
Semiconductor chip is disclosed. The temperature Sensor 
monitors a temperature rise rate (dT/dt), the Semiconductor 
module detects deterioration of the Solder layer or malfunc 
tion of the drive circuit by determining whether the tem 
perature rise rate falls within a range estimated from the 
operation commands. For example, deterioration of the 
Solder layer above the insulating plate causes the tempera 
ture monitored by the temperature Sensor on the insulating 
plate to be increased more gradually than the normal con 
dition Since the heat generated from the Semiconductor chip 
is slowly traveled to the insulating plate. On the other hand, 
deterioration of the Solder layer beneath the insulating plate 
causes the temperature monitored by the temperature Sensor 
to be increased more quickly than the normal condition Since 
the heat is inhibited to disperse to the radiator fin. However, 
in this publication, Simultaneous deterioration of the Solder 
layers above and beneath the insulating plate would cause 
the temperature rise rate to be increased in a normal way by 
offsetting the impacts from the deteriorations in those Solder 
layers, thus no deterioration of the Solder layer could not be 
detected. 

SUMMARY OF THE INVENTION 

0010. To address the aforementioned drawbacks, one of 
the aspects of the present invention is to provide a Semi 
conductor device including a Semiconductor element or 
chip, which has a peripheral edge and a central portion and 
is mounted on an insulating Substrate via a conductive 
bonding layer. At least one peripheral thermal Sensor is 
arranged adjacent the peripheral edge on the Semiconductor 
element, and at least one central thermal Sensor is arranged 
adjacent the central portion on the Semiconductor element. 
0011 Further scope of applicability of the present inven 
tion will become apparent from the detailed description 
given herein. However it should be understood that the 
detailed description and Specific examples, while indicating 
preferred embodiments of the invention, are given by way of 
illustration only, Since various changes and modifications 
within the sprit and scope of the invention will become 
apparent to those skilled in the art from this detailed descrip 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012. The present invention more fully be understood 
from the detailed description given herein and accompany 
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ing drawings which are given by way of illustration only, 
and thus are not limitative of the present invention. 
0013 FIG. 1 is a cross sectional view of the semicon 
ductor device according to Embodiment 1 of the present 
invention. 

0.014 FIG. 2 is an enlarged cross sectional view of FIG. 
1, illustrating the Solder cracks running in the upper and 
lower Solder layers. 
0.015 FIG. 3A is a top plan view of the semiconductor 
chip according to Embodiment 1 and FIG. 3B is a block 
diagram showing the equivalent circuit of FIG. 3A. 
0016 FIG. 4 is a graph schematically illustrating the 
characteristics between the temperature (T) and the forward 
voltage (V) of a thermal sensor. 
0017 FIG. 5A is a top plan view of the semiconductor 
chip according to Embodiment 2 and FIG. 5B is a block 
diagram showing the equivalent circuit of FIG. 5A. 
0.018 FIG. 6A is a top plan view of the semiconductor 
chip according to Embodiment 3 and FIG. 6B is a block 
diagram showing the equivalent circuit of FIG. 6A. 
0019 FIG. 7A is a top plan view of the semiconductor 
chip according to Embodiment 4 and FIG. 7B is a block 
diagram showing the equivalent circuit of FIG. 7A. 
0020 FIG. 8A is a top plan view of the semiconductor 
chip according to Embodiment 5 and FIG. 8B is a block 
diagram showing the equivalent circuit of FIG. 8A. 
0021 FIG. 9A is a top plan view of the semiconductor 
chip according to Embodiment 6 and FIG. 9B is a block 
diagram showing the equivalent circuit of FIG. 9A. 
0022 FIG. 10A is a top plan view of the semiconductor 
chip according to Embodiment 7 and FIG. 10B is a block 
diagram showing the equivalent circuit of FIG. 10A. 
0023 FIG. 11 is a top plan view of the semiconductor 
chips according to Embodiment 8. 
0024 FIG. 12 is a top plan view of the semiconductor 
chips according to Embodiment 9. 
0025 FIG. 13 is a top plan view of the semiconductor 
chips according to Embodiment 10. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0.026 Referring to the attached drawings, the details of 
embodiments according to the present invention will be 
described herein. In those descriptions, although the termi 
nology indicating the directions (for example, “upper” and 
“lower”) are conveniently used just for clarity, it should not 
be interpreted that those terminology limit the Scope of the 
present invention. 

Embodiment 1 

0027. With reference to FIGS. 1 to 4, a power semicon 
ductor device (a power module) according to Embodiment 1 
of the present invention will be described herein. In FIG. 1, 
the power module 1 includes, in general, a casing 11 of 
insulating material, a metal base plate (heat sink) 12 of good 
thermal conductivity Such as copper, and a plurality of main 
terminals 13 extending from the upper Surface of the casing 
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11 to the inside of the power module 1. As shown in FIG. 
1, the casing 11 is Secured on the metal base plate 12, which 
is Secured on a metal radiator fin 14. Also, as clearly 
illustrated in FIG. 2, within the power module 1, an insu 
lating Substrate 20 having metal patterns 21, 22 on top and 
bottom surfaces thereof is bonded on the metal base plate 12 
via a conductive bonding layer such as the solder layer 30. 
In addition, there is at least one Semiconductor element 
(including for example, an insulating gate bipolar transistor 
(IGBT) 40a and/oran free wheel diode (FWD) 40b) bonded 
on the insulating substrate 20 via another conductive bond 
ing layer such as the solder layer 50. The solder layers 30, 
50 will conveniently be referred herein to as the “lower 
Solder layer (first conductive bonding layer) and the “upper 
Solder layer (Second conductive bonding layer)”, respec 
tively. 

0028. Thus, the lower metal pattern 21 of the insulating 
substrate 20 is fixed on the metal base plate 12 through the 
lower solder layer 30, and the semiconductor elements 
(semiconductor chips) 40a, 40b are bonded on the upper 
metal pattern 22 of the insulating Substrate 20 through the 
upper solder layer 50. 
0029. As shown in FIG. 1, a plurality of metal wires 15 
Such as aluminum wires are used for electrical connection 
between the main terminal 13 and each one of the Semicon 
ductor chips 40a, 40b and between both of the semiconduc 
tor chips 40a, 40b. Further, silicone gel 16 is filled up over 
the semiconductor chips 40a, 40b and the insulating Sub 
strate 20 for protection of the semiconductor chips 40a, 40b 
and the metal wires 15, of which hatching is eliminated for 
clear illustration. Lastly, epoxy resin 17 is applied on the 
silicone gel 16, on which a lid 18 is positioned. 
0030. In the following description, the semiconductor 
chip may be either one of the IGBT 4.0a and FWD 40b, thus 
collectively, the terminology of the "semiconductor element 
or chip 40” may often used to refer either one of them. 
0031. As illustrated in FIG. 3A, the semiconductor chip 
40 of Embodiment 1 includes at least one edge diode 
DE(peripheral thermal sensor) arranged adjacent the periph 
eral edge, and at least one central diode D (central thermal 
Sensor) arranged adjacent the central portion on the Semi 
conductor chip 40. In FIG. 3B, the edge diode D between 
a first anode terminal pad A and a first cathode terminal pad 
K is connected in parallel with the central diode D 
between a first anode terminal pad A and a first cathode 
terminal pad K2. Two of constant current Sources of an 
external control circuit (not shown) are used to Supply power 
to the edge diode D and the central diode D through the 
first anode and cathode terminal pads A, K, and the Second 
anode and cathode terminal pads A, K, respectively, So that 
the constant level of current is flown through the diodes D, 
D during operation. Preferably, each of the diodes D, D. 
has the same Voltage-current characteristics (V-I charac 
teristics), in which the forward voltage is 2.5V at the forward 
current of 0.2 mA at room temperature of 25 degrees 
centigrade. 

0032. In general, it has been well known that as ambient 
temperature is increased, the forward-Voltage V is 
decreased, thus the ambient temperature can be detected by 
measuring the forward-Voltage V. Also, the present inven 
tors have revealed that edge temperature T. Sensed by the 
edge diode D is less than central temperature T measured 
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by the central diode D approximately by 15-20 degrees 
centigrade during normal operation of the power Semicon 
ductor device 1. 

0.033 Meanwhile, as the operation time of the power 
Semiconductor device 1 passes, the Solder crack runs at the 
bonding interface of the upper solder layer 50 between the 
semiconductor chip 40 and the insulating Substrate 20 and 
gradually extends from the peripheral edge to the central 
portion thereof, as illustrated in FIG. 2. Thus, in the semi 
conductor chip 40 having a rectangular configuration shown 
in FIG. 3, the crack in the upper solder layer 50 is creeping 
from the corners to the central portion of the solder layer 50. 
Once the crack is formed at a local area in the Solder layer 
50, the thermal resistance at Such a local area is increased, 
thereby inhibiting radiation of heat generated from the 
semiconductor chip 40. Thus, the semiconductor chip 40 is 
more heated especially above the local area of the upper 
solder layer 50 where the solder crack extends. 
0034. In other words, during operation of the power 
Semiconductor device 1, while the temperature difference 
between the edge temperature T and the central temperature 
T is kept constant with no crack running in the Solder layer 
50, the edge temperature T is approaching to the central 
temperature T as the crack extends acroSS the Solder layer 
50. Therefore, the Solder crack can be detected at the 
peripheral edge of the solder layer 50 by monitoring the edge 
temperature T and the central temperature T and to deter 
mine whether the temperature difference is less than a 
threshold value T (T-T-T). 
0035). As above, the external control circuit (not shown) 
can detect the Solder crack at the peripheral edge of the 
solder layer 50 by monitoring the gap of the forward 
Voltages V between the edge diode D and the central diode 
D in a simple and convenient manner. The external control 
circuit may alarm the user for the necessity of replacement 
of the power Semiconductor device 1 or safely Suspend the 
operation of the electrical equipment incorporating the 
power Semiconductor device 1, before the Semiconductor 
chip 40 is overheated to cause the fatal damage. 
0036). According to one of the aspects of the present 
invention, the Solder crack is detected based upon the 
relative temperature difference, i.e., how the edge tempera 
ture T has approached to the central temperature T. Thus, 
Since the present detection mechanism of the Solder crack is 
not based upon the absolute values of the edge temperature 
T and the central temperature T, it can be insusceptible to 
the operation condition of the power Semiconductor device 
1, thereby allowing the Solder crack to be inspected in a 
more precise manner. 

Embodiment 2 

0037 Referring to FIGS. 5A and 5B, another power 
module according to Embodiment 2 of the present invention 
will be described herein. The power module 2 of Embodi 
ment 2 is similar to that of Embodiment 1 except that the 
edge diode D and the central diode D are connected in 
Series to each other. Therefore, the duplicate description for 
the similar structure of Embodiment 2 will be eliminated. 

0038. As illustrated in FIGS.5A and 5B, the edge diode 
D and the central diode D of Embodiment 0.2 are con 
nected in Series to each other. Thus, a Single constant current 
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Source is connected between the common anode terminal 
pad A and the cathode terminal pad K2. So as to flow the 
constant current therebetween. Also, another cathode termi 
nal pad K is provided to detect the potential between the 
edge diode D and the central diode D. Therefore, the 
Semiconductor device 2 of Embodiment 2 uses only one 
constant current Source and three terminal pads for detection 
of the forward Voltage of the edge diode D and the central 
diode D, while Embodiment 1 requires two pairs of the 
constant current Sources and two pairs (four) of terminal 
pads. Thus, according to Embodiment 2, the number of the 
required constant current Sources can be reduced So as to 
Simplify the external control circuit in comparison with that 
of Embodiment 1. One of the required terminal pads can be 
eliminated to downsize the semiconductor chip 40 or to 
increase the effective area of the semiconductor chip 40. 
Also, Similar to Embodiment 1, the power module 2 accord 
ing to Embodiment 2 can precisely detect the Solder crack 
running at the peripheral edge in the upper Solder layer 50. 

Embodiment 3 

0039) Referring to FIGS. 6A and 6B, another power 
module according to Embodiment 3 of the present invention 
will be described herein. The power module 3 of Embodi 
ment 3 is similar to that of Embodiment 1 except that a 
plurality (two in FIGS. 6A and 6B) of the edge diodes D. 
are provided at the peripheral edge of the Semiconductor 
chip. Therefore, the duplicate description for the Similar 
structure of Embodiment 3 will be eliminated. 

0040 According to Embodiment 3, a first edge diode D 
is connected between the anode terminal pad A and the 
cathode terminal pad K, a Second edge diode D is 
connected between the anode terminal pad A and the 
cathode terminal pad K2, and the central diode D is 
connected between the anode terminal pad A and the 
cathode terminal pad K, as illustrated in FIGS. 6A and 6B. 

0041 Also, the first and Second edge diodes D, DE are 
preferably arranged at the peripheral edges Substantially 
diagonally opposite to each other, i.e., at upper-left corner 
and lower-right corners on the Semiconductor chip 40 as 
shown in FIG. 6A. When the Solder crack often runs from 
the peripheral edge of the upper solder layer 50 as above, it 
may extend in a diametrical line thereof. Thus, two of the 
edge diodes D, DE improve accuracy for detecting the 
change of the edge temperature T. Further, three or more of 
the edge diodes would more enhance the accuracy of detec 
tion of the solder crack in the upper solder layer 50. 

Embodiment 4 

0042. With reference to FIGS. 7A and 7B, another power 
module according to Embodiment 4 of the present invention 
will be described herein. The semiconductor device 4 of 
Embodiment 4 is similar to that of Embodiment 3 except that 
the first and Second edge diodes D, DE are connected in 
Series. Therefore, the duplicate description for the Similar 
structure of Embodiment 4 will be eliminated. 

0043. As illustrated in FIGS. 7A and 7B, the first and 
Second edge diodes D1, D2 are connected in Series 
between the anode terminal pad A and the cathode terminal 
pad K, and also the central diode DC is connected between 
the anode terminal pad A and the cathode terminal pad K2. 
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0044) According to Embodiment 4 shown in FIGS. 7A 
and 7B, a plurality of the edge diodes arranged at the 
peripheral edge on the Semiconductor chip 40 improves the 
accuracy for detecting the Solder crack as Embodiment 3. 
Also, Embodiment 4 requires fewer of the constant current 
Sources and terminal pads than Embodiment 3 So as to 
downsize the Semiconductor chip 40 or to increase the 
effective area thereof. 

Embodiment 5 

0045. With reference to FIGS. 8A and 8B, another power 
module according to Embodiment 5 of the present invention 
will be described herein. The semiconductor device 5 of 
Embodiment 5 is similar to that of Embodiment 4 except that 
the first and Second edge diodes D, DE are connected in 
parallel to each other. Therefore, the duplicate description 
for the similar structure of Embodiment 5 will be eliminated. 

0046) In Embodiment 5 shown in FIGS. 8A and 8B, the 
first and Second edge diodes D, DE are connected in 
parallel between the anode terminal pad A and the cathode 
terminal pad K, and also the central diode DC is connected 
between the anode terminal pad A and the cathode terminal 
pad K2. 
0047 According to Embodiment 5, a plurality of the edge 
diodes arranged in parallel detects the Solder cracks inde 
pendently at the peripheral edge on the Semiconductor chip 
40. This is advantage in case where the cracks runs at 
different portions of the upper solder layer 50. The solder 
cracks may extend irregularly in the Solder layer 50, and 
Solder crack extending in a limited area of the Solder layer 
unlikely causes the semiconductor chip 40 to be overheated 
and fatally damaged. Rather, Such devastating damage may 
often result from the Solder cracks extending from a plurality 
of Separate peripheral areas to the central portion. Thus, 
since the power module 5 according to Embodiment 5 
includes the first and Second edge diodes D, DE con 
nected in parallel, it can detect the Solder cracks extending 
from the Several peripheral areas in a simple and reliable 
manner, by normalizing the changes of the edge temperature 
detected by those edge diodes. 

Embodiment 6 

0048. With reference to FIGS. 9A and 9B, another power 
module according to Embodiment 6 of the present invention 
will be described herein. The power module 6 of Embodi 
ment 6 is similar to that of Embodiment 2 except that not 
only the central diode D but also the Second edge diodes 
D., are connected in series to the first edge diodes Dr. 
Therefore, the duplicate description for the Similar structure 
of Embodiment 6 will be eliminated. 

0049. In Embodiment 6, the first and second edge diodes 
D, DE and the central diode D are connected in Series 
between the anode terminal pad A and the cathode terminal 
pad K. Also, other cathode terminal pads K, K2 are 
provided to detect the potentials between the first and Second 
edge diodes D, DE and between the Second edge diodes 
D and the central diode D. 
0050 Thus, similar to Embodiment 3, since the power 
module 6 of Embodiment 6 includes a plurality of edge 
diodes DE, DE2 arranged close to the peripheral edges, it 
can detect the Solder crack in a more accurate manner. Also, 
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comparing to Embodiment 3, it reduces the required con 
Stant current Sources (three to only one) and the terminal 
pads (six to four) So as to simplify the external control circuit 
and downsize the Semiconductor chip 40 or to increase the 
effective area of the semiconductor chip 40. 

Embodiment 7 

0051) With reference to FIGS. 10A and 10B, another 
power module according to Embodiment 7 of the present 
invention will be described herein. The power module 7 of 
Embodiment 7 is similar to that of Embodiment 4 except that 
another terminal pad K is provided between the first and 
Second edge diodes D1, D2, for detecting the potential 
therebetween. Therefore, the duplicate description for the 
similar structure of Embodiment 7 will be eliminated. 

0052. In FIGS. 10A and 10b, the first and second edge 
diodes D, DE are connected in Series between the anode 
terminal pad A and the cathode terminal pad K. Also, the 
central diode D is connected between the anode terminal 
pad A and the cathode terminal pad K2. In addition, a 
Separate cathode terminal pad K2 is arranged between the 
first and Second edge diodes D, DE, for Sensing the 
potential therebetween. While according to Embodiment 3, 
three of constant current Sources and three pairs (six) of the 
terminal pads are used to measure the forwards Voltages V 
of the first and Second edge diodes D, DE and the central 
diode D, according to the present embodiment, only two of 
constant current Sources and five of the terminal pads are 
required for detection of the forwards Voltages V. 
0053 Thus, the semiconductor device 7 of Embodiment 
7 requires fewer constant current Sources So as to Simplify 
the external control circuit, and the terminal pads to down 
size the semiconductor chip 40 or to increase the effective 
area of the Semiconductor chip 40, in comparison with 
Embodiment 3. Nonetheless, the power module 7 can prop 
erly detect the Solder crack running at the peripheral edges 
of the upper solder layer 50, as Embodiment 3. 

Embodiment 8 

0054 While the power module of the Embodiments 1 
through 7 are described for one of the purposes to detect the 
solder crack in the upper solder layer 50, the power module 
of the Embodiments 8 through 10 principally are described 
for another one of the purposes to detect Solder crack 
running at the peripheral edges of lower Solder layer 30. 
0055 With reference to FIGS. 2 and 11, a power module 
(power Semiconductor device) according to Embodiment 8 
of the present invention will be described herein. In Embodi 
ment 1, the Single Semiconductor chip 40 of the power 
module 1 is discussed, on which the edge diodes D and the 
central diode D are arranged at the peripheral edge and the 
central portion, respectively. Meanwhile, the power module 
8 of the present embodiment includes at least two Semicon 
ductor chips such as the IGBT 4.0a and the FWD 40b, on 
which first and Second diodes D and D are provided at the 
central portions, respectively. Besides this point, the power 
module 8 of Embodiment 8 has the similar structure, of 
which duplicate description will not be repeated in detail. 
0056. As illustrated in FIG. 11, the power module 8 
includes the IGBT 4.0a and the FWD 40b. The first and 
Second diodes D, D are arranged at the central portions of 
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the IGBT 4.0a and the FWD 40b, respectively. Also, the 
Second diode D is connected between anode and cathode 
terminal pads A, K, on the FWD 40b, which in turn are 
connected to anode and cathode terminal pads A, K, on the 
IGBT 4.0a through metal wires and another anode and 
cathode terminal pads A", K' on the IGBT 4.0a. Also, the 
first diode D is connected between anode and cathode 
terminal pads A, K, on the FWD 40b. 
0057 During operation of the power module 8, since the 
IGBT 4.0a produces Joule heat greater than that of the FWD 
40b, the temperature T of the FWD 40b sensed by the 
second diode D is less than the temperature T of the IGBT 
40a sensed by the first diode D. Therefore, the lower solder 
layer 30 between the insulating substrate 30 and the metal 
base plate 12 is exposed to the StreSS due the difference of 
the linear expansion coefficients thereof. Also, Since the 
lower solder layer 30 beneath the FWD 40b is more remote 
from the IGBT 4.0a as a heat Source, it has to take more 
Severe thermal shock (greater degrees of the expansion and 
shrinkage) and therefore the lower solder layer 30 endure 
greater stress beneath the FWD 40b than beneath the IGBT 
40a. Thus, the solder crack in the lower solder layer 30 runs 
at the corners of the insulating Substrate 20 adjacent the 
FWD 40B and extends towards the IGBT 4.0a. 

0.058 As the solder crack extends to the lower solder 
layer 30 beneath the central portion of the FWD 40b, the 
temperature T. Sensed by the Second diode D is increasing 
to approach towards the temperature T detected by the first 
diode D. Therefore, according to Embodiment 8, the solder 
crack at the peripheral edges in the lower Solder layer 30 can 
be detected by Sensing the temperature difference between 
the IGBT temperature T and the FWD temperature T to 
determine whether the temperature difference is less than the 
predetermined temperature (T-T-T). Once the external 
control circuit (not shown) detects the Solder crack at the 
peripheral edges in the lower solder layer 30, it alarms the 
user for the necessity of replacement of the power Semicon 
ductor device or Suspends the electrical equipment incorpo 
rating the power Semiconductor device in a safe manner, 
before the Solder cracks extend across the lower Solder layer 
30 to cause the semiconductor chip 40 to be overheated and 
fatally damaged. 
0059. According to Embodiment 8, similar to Embodi 
ment 1, the Solder cracks are detected based upon how the 
FWD temperature T approaches the IGBT temperature T, 
i.e., upon the relative temperature difference between the 
IGBT temperature T and the FWD temperature T. Thus, 
the power module of the present embodiment can properly 
determine the Solder cracks independently on the absolute 
values of the IGBT temperature T and the FWD tempera 
ture T, i.e., irrelevant to the operation conditions of the 
Semiconductor device. 

Embodiment 9 

0060 Referring to FIG. 12, another power module 
according to Embodiment 9 of the present invention will be 
described herein. The power module 9 of Embodiment 9 is 
similar to that of Embodiment 8 except that the first and 
Second diodes D and D are connected in Series to each 
other. Therefore, the duplicate description for the similar 
structure of Embodiment 9 will be eliminated. 

0061 According to Embodiment 8, two pairs of the 
constant current Sources and two pairs of terminal pads are 
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used to measure the forward Voltages V of the first and 
Second diodes D and D. Meantime, according to Embodi 
ment 9, a Single constant current Source and three of terminal 
pads are utilized to Sense the forward Voltages V. Thus, 
according to Embodiment 9, the number of the required 
constant current Sources can be reduced to Simplify the 
external control circuit in comparison with Embodiment 8. 
Also, one of the required terminal pads can be eliminated to 
downsize the Semiconductor chip 40 or to increase the 
effective area of the semiconductor chip 40. 

Embodiment 10 

0062) Referring to FIG. 13, another power module 
according to Embodiment 10 of the present invention will be 
described herein. The power module 10 of Embodiment 10 
is similar to that of Embodiment 8 except that the second 
diode D is arranged adjacent the peripheral edge of the 
FWD 40b, and a third diode D is added adjacent the 
peripheral edge on the IGBT 4.0a, which is connected in 
Series to the Second diode D. Therefore, the duplicate 
description for the similar structure of Embodiment 10 will 
be eliminated. 

0063 As illustrated in FIG. 13, since the second diode 
D. is arranged on the FWD 40b, similar to Embodiment 8, 
the solder crack in the lower solder layer 40 beneath the 
corner of the FWD 40b can be properly detected. Also, since 
the third diode D is arranged adjacent the peripheral edge 
of the IGBT 4.0a, similar to Embodiment 1, the Solder crack 
in the upper solder layer 50 beneath the corner of the IGBT 
40a can be precisely sensed. Therefore, the power module 8 
of Embodiment 8 can determine the Solder cracks both in the 
upper and lower solder layers 30, 50 with Such a simple 
Structure. 

What is claimed is: 

1. A Semiconductor device, comprising: 

a Semiconductor element having a peripheral edge and a 
central portion, Said Semiconductor element being 
mounted on an insulating Substrate via a conductive 
bonding layer; 

at least one peripheral thermal Sensor arranged adjacent 
the peripheral edge on Said Semiconductor element; and 

at least one central thermal Sensor arranged adjacent the 
central portion on Said Semiconductor element. 

2. The Semiconductor device according to claim 1, 

wherein Said peripheral thermal Sensor and Said central 
thermal Sensor are connected in parallel to each other. 

3. The Semiconductor device according to claim 1, 

wherein Said peripheral thermal Sensor and Said central 
thermal Sensor are connected in Series to each other. 

4. The Semiconductor device according to claim 3, further 
including a terminal pad between said peripheral thermal 
Sensor and Said central thermal Sensor. 

5. The Semiconductor device according to claim 1, 

wherein at least two of Said peripheral thermal Sensors are 
arranged adjacent the peripheral edges on Said Semi 
conductor element. 
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6. The Semiconductor device according to claim 5, 
wherein at least two of Said peripheral thermal Sensors are 

diagonally opposite to each other on the Semiconductor 
element. 

7. The Semiconductor device according to claim 5, 
wherein at least two of Said peripheral thermal Sensors are 

connected in parallel to each other. 
8. The Semiconductor device according to claim 5, 
wherein at least two of Said peripheral thermal Sensors are 

connected in Series to each other. 
9. The semiconductor device according to claim 8, further 

including a terminal pad between at least two of Said 
peripheral thermal Sensors. 

10. A Semiconductor device, comprising: 

an insulating Substrate mounted on a heat Sink via a first 
conductive bonding layer; 

first and Second Semiconductor elements mounted on Said 
insulating Substrate via a Second conductive bonding 
layer; 

at least one first thermal Sensor arranged on Said first 
Semiconductor element; and 

at least one Second thermal Sensor arranged on Said 
Second Semiconductor element; 

wherein Said first Semiconductor element generates heat 
greater than Said Second Semiconductor element. 
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11. The Semiconductor device according to claim 10, 
wherein Said first and Second thermal Sensors are con 

nected in parallel to each other. 
12. The Semiconductor device according to claim 10, 
wherein Said first and Second thermal Sensors are con 

nected in Series to each other. 
13. The Semiconductor device according to claim 12, 

further including a terminal pad between Said first and 
Second thermal Sensors. 

14. The Semiconductor device according to claim 10, 
Said first Semiconductor element including a first periph 

eral thermal Sensor and at least one central thermal 
Sensor arranged adjacent the peripheral edge and the 
central portion thereof, respectively; and 

Said Second Semiconductor element including at least one 
Second peripheral thermal Sensor arranged adjacent the 
peripheral edge thereof; 

wherein Said first and Second peripheral thermal Sensors 
are connected in Series to each other. 

15. The Semiconductor device according to claim 14, 
further including a terminal pad between Said first and 
Second peripheral thermal Sensors. 

16. The Semiconductor device according to claim 10, 
wherein Said first Semiconductor element includes an 

insulated gate bipolar transistor, and Second Semicon 
ductor element includes a free wheel diode. 
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